Background {#Sec1}
==========

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer-related death in Western countries and has the poorest survival rate (\<5 %) among the common malignancies \[[@CR1], [@CR2]\]. Although surgical resection shows promise as an effective treatment for PDAC, a lack of effective tools for diagnosis in the earliest stages results in low 5-year survival rates, which drop rapidly from \>50 % in patients with stage I to \<5 % in patients with more advanced stages of the disease \[[@CR3]--[@CR5]\]. Both imaging techniques and serological markers, such as carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA), have used for many years for diagnosis of PDAC, however, it is still difficult to distinguish patients with chronic pancreatitis (CP), a high-risk population for PDAC, from those with PDAC \[[@CR6]--[@CR9]\]. Therefore, to improve the prognosis of PDAC, the development of specific and noninvasive biomarkers for PDAC diagnosis is required and especially for early-stage tumors.

Survivin is a member of the inhibitor of apoptosis protein (IAP) family originally discovered in the baculovirus \[[@CR10]\]. Structurally, survivin is a unique IAP protein \[[@CR11]\], organized as a stable dimer \[[@CR12]\] containing only one baculoviral IAP repeat domain and a --COOH terminus coiled-coil domain \[[@CR13]\]. Survivin is unique for its expression in a wide range of embryonic and fetal tissues but is undetectable in terminally differentiated normal adult tissues. However, it is re-expressed in transformed cell lines and several human cancer cells at a frequency of 34--100 % \[[@CR13], [@CR14]\]. As a prognostic factor, survivin expression is significantly associated with poor clinical outcome in cancers such as neuroblastoma, colorectal cancer, breast cancer, lung cancer, esophageal cancer, medulloblastoma, and pediatric acute lymphoblastic leukemia \[[@CR15]--[@CR22]\].

Survivin expression in pancreatic cancer has been widely studied. Satoh et al. reported that expression of survivin may be upregulated during an early stage of tumorigenesis, and it may be involved in the development of cancer by reducing cancer cell apoptosis \[[@CR23]\]. Kami and Ekeblad et al. reported that expression of survivin in pancreatic cancer tissues could be a useful prognostic marker in patients with this cancer \[[@CR24], [@CR25]\]. Lee et al. found that survivin expression seems to have potential as a predictive marker for the response to chemotherapy \[[@CR26]\].

Although elevated expression of survivin has been found in many cancer tissues, including PDAC tissues, and its association with tumor behavior and patient prognosis has been reported, few studies have analyzed the serum levels of survivin in patients with PDAC. Furthermore, the relationship between survivin expression and serum survivin level has not been widely studied in PDAC.

In the present work, we determined the serum levels of survivin in patients with PDAC, then performed immunohistochemical staining for survivin in PDAC tissues. Survivin expression and serum survivin levels were correlated with clinicopathological parameters.

Methods {#Sec2}
=======

Patients and clinical data {#Sec3}
--------------------------

For this study, blood sera (*n* = 80) of patients with PDAC and the sera of 80 controls were collected from January 1, 2007 to December 30, 2012. All blood samples were collected before any therapeutic procedures, including surgery, chemotherapy, and radiotherapy. Blood samples were taken directly before surgery. After centrifugation of the peripheral blood, serum samples were stored at −20 °C until assayed. A diagnosis of PDAC was confirmed by histological examination or fine-needle aspiration cytology. Histological typing of the tumors was performed according to World Health Organization (WHO) criteria. All the enrolled patients with PDAC showed the tumor histotype of pancreatic ductal adenocarcinoma. The tumors were staged according to the sixth edition of the American Joint Committee on Cancer tumor--node--metastasis (TNM) system. Overall survival time was calculated from the date of operation to the date of death or last follow-up. Patients who did not survive the first 30 days after surgery were excluded from the survival analysis. The patients' clinicopathological characteristics are summarized in Table [1](#Tab1){ref-type="table"}. Their median age was 46 years (range, 32--71 years); 54 patients had stage I and II disease, 18 patients had stage III disease, and 8 had stage IV disease. Eighteen patients underwent only palliative resection and were treated with combination chemotherapy comprising epirubicin, cisplatin, and 5-fluorouracil (5-FU). Of 47 patients who had curative surgery, 25 underwent adjuvant treatment with radiotherapy. Recurrent cancer developed in 28 patients, and the median time to recurrence was 163 days (range, 51--1370 days).Table 1Patients' clinicopathological characteristicsClinicopathologic characteristics*n* = 80Gender Male62 Female18Age (years) Median46 Range32--71Tumor location Head55 Body3 Tail7 Body and tail15Tumor differentiation Well10 Moderate57 Poor8 Others5Stage I17 II37 III18 IV8Lymphatic invasion Positive47 Negative33Perineural invasion Yes55 No25Venous invasion Yes50 No30Recurrence Yes56 No24

The 80 healthy controls were recruited at the Healthy Physical Examination Center of the affiliated hospital of the medical college of Qingdao University. The health condition checkup included a detailed history; physical, radiological, and endoscopic examinations; blood tests; tumor marker tests (CA19-9, CEA); and abdominal sonography. Participants with no evidence of pancreatic disease or other abnormalities were enrolled as cancer-free controls.

The study was approved by the Ethics Committee of the affiliated hospital of the medical college of Qingdao University. Written consent for using the samples for research purposes was obtained from all patients and controls prior to surgery or blood sample collection.

Immunohistochemical staining {#Sec4}
----------------------------

Formalin-fixed, paraffin-embedded blocks from the 80 patients with surgically resected PDAC tissues and 24 samples of normal pancreas tissue were studied. Consecutive tissue sections were stained for survivin. Known positive and negative control slides were used to determine the acceptability of the staining reaction. For the stains, cytoplasmic immunoreactivity was considered a positive reaction. Samples with \<10 % positive cells were recorded as showing negative expression and those with ≥10 % positive cells were recorded as showing positive expression. All samples were reviewed independently by two pathologists.

Measurement of serum survivin levels {#Sec5}
------------------------------------

Survivin (Quantikine Human survivin Immunoassay, R&D System, USA) concentrations were determined by using an enzyme-linked immunosorbent assay (ELISA) method according to the manufacturer's instructions. All specimens were assayed twice .The minimum detectable dose (MDD) of survivin ranged from 1.58 to 9.96 pg/ml.

Statistical analysis {#Sec6}
--------------------

All statistical analyses were performed using SPSS statistical software (Chicago, IL, USA). Data are presented as means (SE). We used Mann--Whitney U-test to compare differences in the serum survivin concentrations between the cancer patients and the control group. The relationship between serum and tissue survivin level was assessed by Fisher exact test. The relationship between serum or tissue survivin level with the clinicopathological parameters was assessed by χ^2^ analysis. For continuous variables not normally distributed, the variables are given as median (25th--75th percentile) and they were compared using the Mann--Whitney U-test. Survival curves were plotted using the Kaplan--Meier method. The difference in survival between groups was compared using the log-rank test.

The prognostic factors were examined by univariate and multivariate analyses (Cox proportional hazards regression model). *P* \< 0.05 was considered to indicate statistical significance.

Results {#Sec7}
=======

Serum levels of survivin {#Sec8}
------------------------

In the healthy controls, the median serum level of survivin were 41.36 (19.4--72.58) pg/ml, which was significantly lower than that in patients with PDAC 99.4 (46.4--176) pg/ml (Fig. [1](#Fig1){ref-type="fig"}, *P* \< 0.001).The cutoff value was set at 72.58 pg/ml (75th percentile of the survivin distribution in the controls). Higher serum survivin levels (≥72.58 pg/ml) were found in 63.75 % (51/80) of patients with PDAC, and 36.25 % of patients (29/80) had levels lower than 72.58 pg/ml.Fig. 1Comparison of serum survivin levels in healthy controls and patients with PDAC. The *horizontal line* in each plot represents the cutoff value. ^\*^ *P* \< 0.001

Expression of survivin in PDAC {#Sec9}
------------------------------

Eighty PDAC specimens and 24 normal pancreatic samples were screened for survivin protein expression. Overexpression of survivin was found in 65 cases (81.25 %) among the 80 PDAC tissue specimens, in which immunostaining was predominantly seen in the cytoplasm of tumor cells (Fig. [2](#Fig2){ref-type="fig"}). No positive staining was found in the 24 samples of normal pancreas, which was significantly different from the level in patients with PDAC (*P* \< 0.001).Fig. 2Expression of survivin in normal pancreas **a** and PDAC **b** (×200)

Relation between tissue survivin and serum survivin {#Sec10}
---------------------------------------------------

Among the 65 (81.25 %) of the 80 patients with PDAC whose tissues showed positive survivin expression, increased serum survivin levels (≥72.58 pg/ml) were found in 61.5 % (40/65). Among the 15 (8.75 %) of the 80 patients with PDAC whose tissues were negative for survivin expression, increased serum survivin levels (≥72.58 pg/ml) were found in 13.3 % (2/15). A significant association was found between serum survivin level and survivin expression (Table [2](#Tab2){ref-type="table"}, *P* \< 0.01).Table 2Relation between tissue and serum survivinSerum survivinSurvivin expression≥72.58 pg/ml (*n* = 51)\<72.58 pg/ml (*n* = 29)*P*-valuePositive (*n* = 65)4025\<0.01Negative (*n* = 15)213

Serum and tissue survivin levels and clinicopathological features in patients with PDAC {#Sec11}
---------------------------------------------------------------------------------------

Using 72.58 pg/ml as the cutoff value, the patients with PDAC were divided into group A (*n* = 51), comprising those with the higher serum level of surviving (≥72.58 pg/ml) and group B (*n* = 29) comprising those with a lower level (\<72.58 pg/ml). The χ2 analysis showed that the preoperative serum survivin levels correlated well with perineural invasion, venous invasion, lymph node status (N stage), histologic grade, and tumor stage but not with the tumor size, age, gender, and lymph node status (N stage) of the patients or tumor location (Table [3](#Tab3){ref-type="table"}). Spearman rank correlation analysis revealed a correlation between serum survivin level and tumor stage, perineural invasion, venous invasion, recurrence, and histological differentiation (Table [4](#Tab4){ref-type="table"}). These observations support the hypothesis that the progression of PDAC is associated with increased serum survivin levels.Table 3Relationship between serum levels or tissue survivin expression and clinicopathological factorsSerum survivinSurvivin expressionGroup≥72.58 pg/ml\<72.58 pg/ml*P*-valuePositiveNegative*P*-valueAge(years)NSNS \<50(*n* = 32)23(71.8 %)9(28.2 %)20(62.5 %)12(37.5 %) \>50(*n* = 48)28(58.3 %)20(41.7 %)31(64.6 %)17(35.4 %)GenderNSNS M(*n* = 62)40(64.5 %)22(35.5 %)37(59.7 %)25(40.3 %) F(*n* = 18)11(61.1 %)7(38.9 %)14(77.8 %)4(22.2 %)LocationNSNS Head(*n* = 55)34(61.8 %)21(38.2 %)32(58.2 %)23(41.8 %) Body(*n* = 3)3(0 %)0(100 %)2(66.7 %)1(33.3 %) Tail(*n* = 7)4(57 %)3(43 %)5(71.4 %)2(28.6 %) Body and tail(*n* = 15)10(66.7 %)5(33.3 %)12(80 %)3(20 %)Stage(TNM)\<0.01NS I(*n* = 17)7(41.2 %)10(58.8 %)10(58.8 %)7(41.2 %) II(*n* = 37)23(62.1 %)17(37.9 %)24(64.9 %)13(35.1 %) III(*n* = 18)15(83.3 %)3(16.7 %)17(94.4 %)1(5.5 %) IV(*n* = 8)8(100 %)0(0 %)5(62.5 %)3(37.5 %)Lymphatic invasion\<0.01\<0.01 Positive(*n* = 47)39(83 %)8(17 %)36(76.6 %)11(23.4 %) Negative(*n* = 33)12(36.3 %)21(63.7 %)25(75.7 %)8(24.3 %)Perineural invasion\<0.01\<0.01 Yes(*n* = 55)44(80 %)11(20 %)39(70.9 %)16(29.1 %) No(*n* = 25)7(28 %)18(72 %)12(48 %)13(52 %)Venous invasion\<0.01 Yes(*n* = 50)40(80 %)10(20 %)37(74 %)13(26 %)\<0.01 No(*n* = 30)11(36.6 %)19(63.4 %)14(46.7 %)16(53.3 %)Cell differentiation\<0.01NS Well(*n* = 10)2(20 %)8(80 %)4(40 %)6(60 %) Moderate(*n* = 57)37(64.9 %)20(35.1 %)42(73.7 %)15(26.3 %) Poor(*n* = 8)8(100 %)0(0 %)4(50 %)4(50 %) Others(*n* = 5)4(80 %)1(20 %)1(20 %)4(80 %)Recurrence\<0.01NS Yes(*n* = 56)45(80.3 %)11(19.7 %)33(58.9 %)23(41.1 %) No(*n* = 24)6(25 %)18(75 %)18(75 %)6(25 %)*P* determined by χ^2^ test. *NS* no significanceTable 4Spearman correlation analysis between serum survivin levels and clinicopathological factorsVariableSerum survivin levelSurvivin expressionSpearman correlation*P*-valueSpearman correlation*P*-valueAge--0.09NS−0.076NSGender--0.12NS−0.17NSLocation0.07NS−0.08NSStage (TNM)0.783\<0.00010.854\<0.001Lymphatic invasion0.656\<0.010.527\<0.01Perineural invasion0.430\<0.0010.380\<0.01Venous invasion0.586\<0.00010.783\<0.01Cell differentiation0.52\<0.00010.14NSRecurrence0.12NS0.07NS

Of the samples examined for survivin immunohistochemical staining, survivin was significantly associated with lymphatic invasion, perineural invasion, and venous invasion (Table [3](#Tab3){ref-type="table"}). Spearman analysis revealed a correlation between positive survivin expression and TNM stage, perineural invasion, and venous invasion (Table [4](#Tab4){ref-type="table"}). These observations support the hypothesis that the progression of PDAC is associated with positive survivin expression.

Association between serum level and tissue expression of survivin and prognosis and survival rates for patients with PDAC {#Sec12}
-------------------------------------------------------------------------------------------------------------------------

A log-rank test and Kaplan--Meier analysis were used to calculate the effect of serum levels and tissue expression of survivin on survival. The log-rank test showed that serum and tissue survivin correlated strongly with the patients' survival time (*P* \< 0.001; Fig. [3a, b](#Fig3){ref-type="fig"}).Fig. 3Serum **a** and tissue survivin **b** corresponded with the progression of PDAC

More specifically, the median survival time of patients with high serum levels of survivin was only 9 months (positive tissue survivin was 8.8 months), whereas the median survival time of those with low levels of survivin was 26 months (negative tissue survivin was 26.3 months). The cumulative 5-year survival rate was 38.4 % in the group with low serum levels of survivin (*n* = 29) and 37.6 % in the group whose tissues were negative for survivin. In the group with high serum levels of survivin (Fig. [3a](#Fig3){ref-type="fig"}), the 5-year survival rate was only 9.28 %, and it was 9.63 % in the group whose tissues were positive for survivin (Fig. [3b](#Fig3){ref-type="fig"}).

Clinical stage, serum and tissue levels of survivin, tumor classification, histological differentiation, perineural invasion, and venous invasion were analyzed using univariable and multivariable Cox regression analyses. Univariable analyses revealed that clinical stage, serum and tissue levels of survivin, and histological differentiation were significant predictors of PDAC (Table [5](#Tab5){ref-type="table"}). Multivariable analysis showed that clinical stage, serum and tissue levels of survivin, and histological differentiation were independent predictors for PDAC on the basis of changes in likelihood interactions between the parameters listed in univariable regression analyses (Table [5](#Tab5){ref-type="table"}).Table 5Univariate and multivariate analysis of various prognostic variables in patients with PDACUnivariate analysisMultivariate analysisCharacteristicRegression coefficient(SE)*P*-valueHR (95 % CI)*P*-valueSerum survivin0.317(0.042)\<0.0012.89(1.98--5.83)0.003Survivin expression0.302(0.018)\<0.0012.65(1.74--5.25)0.006Stage (TNM)0.156(0.06)0.0272.74(1.56--5.14)0.014Lymphatic invasion0.178(0.013)0.0421.54(1.12--4.34)0.015Perineural invasion0.65(0.18)0.0120.84(0.53--1.27)0.002Venous invasion0.54(0.12)0.0342.34(1.48--5.13)0.021Cell differentiation0.74(0.28)\<0.012.46(1.75--5.54)0.004Recurrence0.33(0.18)0.0931.64(1.15--3.38)0.084*HR* hazard ratio, *CI* confidence interval

Discussion {#Sec13}
==========

Identification of targets for early detection of PDAC is important to improve the prognosis of patients with this pernicious disease. Currently, carcinoembryonic antigen and cytokeratin-19 fragments are routinely used as serum markers for detection of PDAC. Owing to the low sensitivity and specificity of detection of these markers, additional serum markers must be established for early detection and diagnosis of PDAC.

Survivin, an IAP, has been studied as a prognostic marker in various cancers. Adida et al. reported that survivin expression in neuroblastoma correlated with unfavorable histology and aggressive and disseminated disease \[[@CR15]\]. In colorectal cancer and breast cancer, patients with surviving-positive tumors had a decreased apoptotic index and worse survival rates than those with survivin-negative tumors \[[@CR17], [@CR27]\]. In addition, survivin expression was correlated with poor prognosis in esophageal cancer and non-small cell lung cancer \[[@CR19], [@CR20]\]. Survivin expression in pancreatic cancer tissues could also be a useful prognostic marker in patients with this disease \[[@CR24], [@CR25]\].

In the present study, we showed that survivin levels in serum samples from patients with PDAC are significantly higher than those in a control population of healthy blood donors. Notably, serum survivin levels were higher in patients with perineural invasion, poor lymph node status, and venous invasion, compared with those without. We also found that positive survivin expression was higher in patients with PDAC with perineural invasion, poor lymph node status, and venous invasion, compared with those without. Thus, survivin concentrations and tissue survivin expression may be suitable as routine serum and tissue markers for the detection of metastatic disease in PDAC.

In addition, the serum survivin level was much higher in patients with PDAC at advanced stages and those with recurrence and poor differentiation; no significant differences in the serum levels of survivin were found in PDAC patients with different ages, genders, and tumor sizes. Thus, measurement of the serum level of survivin is useful for predicting the prognosis of patients with PDAC. However, no relation was found between survivin expression, TNM stage, recurrence, and tumor differentiation. This may have been caused by a small sample size.

Evaluation of the survival data showed that survival time was significantly shorter in patients with positive survivin expression and survivin concentrations \>72.58 pg/ml. Thus, high survivin concentrations and positive survivin expression predicted a poor prognosis for patients with PDAC, especially in those presenting with metastasis. In addition, the uni- and multivariate analyses in the present study showed the prognostic significance of clinicopathologic factors such as TNM and tumor differentiation. These findings indicate that the results obtained from the present series of cases agree to PDAC in other counties. In addition, Cox regression analysis showed that survivin was an independent prognostic variable.

In the present study, we assessed the prognostic value of serum survivin in patients with PDAC and identified survivin as an independent prognostic factor. Owing to the limited number of controls and patients in this study, further studies are required. In addition, studies with serum samples and tissue survivin expression measured at different phases of PDAC progression could further elucidate the role of survivin in the growth and metastasis of PDAC.

Conclusions {#Sec14}
===========

Our findings provide evidence that survivin has important roles at different phases of metastatic spread of PDAC, and that measurement of serum survivin or detection of survivin expression could be of clinical value when identifying patients at high risk for disease progression.
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